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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell capable of efficiently 
removing excess water in the electrodes without reducing conductivity 
of the electrodes and stably supplying gas to the electrodes. 
SOLUTION: In this fuel cell provided with a fuel electrode 2 on the face 
of one side of a solid electrolyte film 1 and an oxidant electrode 3 on the 
other face thereof and provided with a fuel gas flow passage 5 on the 
fuel electrode 2 side and an oxidant gas flow passage 6 on the oxidant 
electrode 3 side, a vibration means consisting of a vibration plate 7 and a 
piezoelectric element 8 is provided in at least either of the fuel gas flow 
passage 5 and the oxidant gas flow passage 6. The piezoelectric element 
8 causes displacement in accordance with an applied drive voltage, and 
the vibration plate 7 gives the vibration to the solid electrolyte film 1 by 
receiving the displacement of the piezoelectric element 8 or vibrates by 
receiving the displacement of the piezoelectric element 8 to generate 
gas flow in the fuel gas flow passage 5 or the oxidant gas flow passage 6. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell characterized by equipping either [ at least ] this fuel gas passage or these oxidizer gas 
passagewaies with at least one oscillating means in the fuel cell eel which faced this negative electrode and was 
equipped with the oxidizer gas passageway while the field of another side is equipped with a negative electrode 
while equipping one field of a solid-electrolyte membrane with a positive electrode, and facing this positive 
electrode and having fuel gas passage. 

[Claim 2] Said oscillating means is a fuel cell according to claim 1 which is the substrate substrate of the 
piezoelectric device which produces a variation rate according to the driver voltage impressed, and this 
piezoelectric device, and consists of a diaphragm which gives vibration to said solid-electrolyte membrane in 
response to the variation rate of this piezoelectric device. 

[Claim 3] Said diaphragm and piezoelectric device are a fuel cell according to claim 2 by which the laminating is 
carried out in parallel to the electrode surface on said positive electrode or said negative electrode. 
[Claim 4] Said oscillating means is a fuel cell according to claim 1 with which it is the substrate substrate of the 
piezoelectric device which produces a variation rate according to the driver voltage impressed, and this 
piezoelectric device, vibrates in response to the variation rate of this piezoelectric device, and consists of a 
diaphragm which makes breeze to said fuel gas passage or said oxidizer gas passageway, and this piezoelectric 
device and this diaphragm are arranged, without contacting said positive electrode or said negative electrode. 
[Claim 5] The fuel cell according to claim 2 to 4 with which said piezoelectric device consists of PZT film. 
[Claim 6] Either [ at least ] said piezoelectric device or said diaphragms are the fuel cell according to claim 2 to 
5 which has the function to make either [ at least ] gas or the moisture penetrate. 

[Claim 7] The fuel cell according to claim 2 to 6 with which either [ at least ] said piezoelectric device or said 
diaphragms have two or more through tubes. 

[Claim 8] The fuel cell according to claim 2 to 7 with which either [ at least ] said piezoelectric device or said 
diaphragms have a water-repellent coat on a front face. 

[Claim 9] The fuel cell according to claim 8 with which said water-repellent coat consists of silicone resin. 
[Claim 10] The fuel cell according to claim 8 with which said water-repellent coat consists of a poly membrane 
which has the structure of cross linkage. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell which raised generating efficiency. 
[0002] 

[Description of the Prior Art] Drawing 6 is the sectional view showing the configuration of the unit cell in the fuel 
cell which used the conventional solid-state polyelectrolyte film. In this fuel cell, the solid-state polyelectrolyte 
film 101 is pinched with the porous electrode so that a catalyst bed may stick to those both sides. Among these, 
the near electrode with which a fuel is supplied is a fuel electrode 102. and the near electrode with which an 
oxidizer (air) is supplied is the oxidizer pole 103. The fuel gas passage 105 and the oxidizer gas passageway 106 
are formed between two electrodes 102 and 103 and the gas impermeable plate 104 of the pair arranged at the 
both sides. Thus, since the output voltage of the constituted unit cell is low. in order to obtain desired output 
voltage with less than [ IV ], two or more laminatings of the unit cell are carried out. and a fuel cell stack is 
formed. 

[0003] The above-mentioned fuel electrode 102 and the oxidizer pole 103 are the structures supported with the 
porous electrode substrate with which the catalyst bed containing the catalytic activity matter has conductivity. 
The hydrogen as a fuel which penetrates an electrode substrate from the fuel gas passage 105 which consists of 
two or more parallel slots, and is supplied to a fuel electrode 1 02, and the oxygen as an oxidizer supplied to the 
oxidizer pole 103 from the oxidation material gas passageway 106 form the three-phase zone of an electrolyte / 
catalyst / reactant gas in each catalyst bed, and a reaction as shown by the following reaction formulae (1) and 
(2) advances. 
[0004] 

Fuel electrode: H2 ->2H-M-2e- ... (1) 

Oxidizer pole: 2H++2e-+(1/2) 02 ->H20 ... (2) 

That is. at a fuel electrode 102 side, as shown in the above-mentioned formula (1). electrochemical reaction 
which decomposes a hydrogen content child into a hydrogen ion and an electron is performed, and by the 
oxidizer pole 103 side, as shown in the above-mentioned formula (2). electrochemical reaction which generates 
water is performed from a hydrogen ion, an electron, and oxygen. The hydrogen ion generated by the reaction of 
the above-mentioned formula (1) by the fuel electrode 102 side penetrates the solid-state polyelectrolyte film 
101 in the state of hydration with a water molecule, and the reaction of the above-mentioned formula (2) is 
presented with it by the oxidizer pole 103 side. 

[0005] In order to perform these reactions continuously, while supplying reacting matter to a fuel electrode 102 
and the oxidizer pole 103 continuously, it is necessary to remove the quality of a product promptly from near an 
electrode. If it is necessary to remove the water which is the quality of a product and removal of moisture is not 
promptly performed while supplying oxygen continuously, water will pile up near an electrode, the gas 
permeability in the oxidizer pole 103 will fall, and. specifically, electrode reaction will fall on the oxidizer pole 103. 
Various devices are tried by the electrode in order to prevent moisture stagnation on such the oxidizer pole. 
[0006] For example, by forming in JP.7-326361.A using the electrode substrate which has conductivity and gas 
permeability for the electrode which counters on both sides of an electrolyte membrane, and the absorptivity 
ingredient which has absorptivity, the moisture generated to the inside of an electrode or an electrode surface 
by the reaction of the above (formula 2) is absorbed positively, and the method of removing moisture from an 
electrode is proposed. According to this structure, since a lot of moisture can be absorbed water compared with 
an electrode substrate independent case, it is supposed that the removal effectiveness of the superfluous 
moisture in an electrode will improve. 
[0007] 

[Problem(s) to be Solved by the Invention] However, when the electrode surface has got wet with moisture 
according to the cause of the amount of the water with which the limitation of the water-absorption-power 
force of an absorptivity ingredient is exceeded, or a load is generated by increasing rapidly increasing rapidly, the 
removal capacity of superfluous moisture will be saturated with the approach proposed by above-mentioned 



JP.7-326361 A In that case, diffusion of the gas in an electrode is checked, concentration polarization happens, 
and cell performance degradation arises. 

[D008] Furthermore, although this structure makes it the rate of a volume ratio and carries out distributed 
maintenance of the absorptivity particles, such as about 20% of bridge formation polyacrylate. into the porosity 
carbon which is the electrode substrate of a cathode (oxidizing agent pole) When the rate of a compounding ratio 
of an absorptivity particle and the conductivity of an electrode make high the rate of a compounding ratio of an 
absorptivity particle in order to make the water-absorption-power force high since they are the relation of a 
trade-off, they will cause the conductive fall of an electrode, and the energy loss by the increment in internal 
resistance further. 

[0009] This invention is made in order to solve the technical problem of such a conventional technique, it 
removes the superfluous moisture in an electrode efficiently, without reducing the conductivity of an electrode, 
and aims at offering the fuel cell which can stabilize and supply gas to an electrode. 
[0010] 

[Means for Solving the Problem] It is characterized by for the fuel cell of this invention having equipped the field 
of another side with the negative electrode while equipping one field of a solid-electrolyte membrane with the 
positive electrode, and equipping either [ at least ] this fuel gas passage or these oxidizer gas passagewaies with 
at least one oscillating means in the fuel cell eel which faced this negative electrode and was equipped with the 
oxidizer gas passageway while facing this positive electrode and having fuel gas passage, and the above- 
mentioned purpose is attained by that. 

[001 1] Said oscillating means is the substrate substrate of the piezoelectric device which produces a variation 
rate according to the driver voltage impressed, and this piezoelectric device, and may consist of a diaphragm 
which gives vibration to said solid-electrolyte membrane in response to the variation rate of this piezoelectric 
device. <BR> [0012] The laminating of said diaphragm and piezoelectric device may be carried out to the 
electrode surface in parallel on said positive electrode or said negative electrode. 

[0013] Said oscillating means is the substrate substrate of the piezoelectric device which produces a variation 
rate according to the driver voltage impressed, and this piezoelectric device, and it vibrates in response to the 
variation rate of this piezoelectric device, and it consists of a diaphragm which makes breeze to said fuel gas 
passage or said oxidizer gas passageway, and this piezoelectric device and this diaphragm may be arranged, 
without contacting said positive electrode or said negative electrode. 
[0014] Said piezoelectric device may consist of PZT film. 

[0015] As for either [ at least ] said piezoelectric device or said diaphragms it is desirable to have the function 
to make either [ at least ] gas or the moisture penetrate. 

[0016] Either [ at least ] said piezoelectric device or said diaphragms may have two or more through tubes. 
[0017] It is desirable that either [ at least ] said piezoelectric device or said diaphragms have a water-repellent 
coat on a front face. 

[0018] Said water-repellent coat may consist of silicone resin. 

[0019] Said water-repellent coat may consist of a poly membrane which has the structure of cross linkage. 
[0020] Below, an operation of this invention is explained. In addition, in the following explanation, an electrode 
shows a fuel electrode or an oxidizer pole, gas shall show fuel gas or oxidizer gas, and moisture shall show the 
liquid and spraying object which made water the subject. 

[0021] If it is in this invention according to claim 1, since the oscillating means which it had in the gas 
passageway of a fuel cell eel during fuel cell operation vibrates, vibration of the cell reaction layer in which a fuel 
electrode (negative electrode) and an oxidizer pole (positive electrode) come to pinch a solid-electrolyte 
membrane, or ventilation into a gas passageway can be performed. By vibration of this oscillating means, the 
moisture generated to the oxidizer pole side of a cell reaction layer disperses from an oxidizer pole front face, 
and it is removed. Since the generated moisture is promptly removed from an electrode surface, it is lost that 
diffusion of the gas into an oxidizer pole is checked by moisture. Moreover, it is lost by ventilation to the gas 
passageway by the above-mentioned oscillating means that the gas supply to a fuel electrode or an oxidizer gas 
pole stops, and diffusion of the gas into an electrode is promoted. Consequently, the concentration polarization 
resulting from the lack of gas in the interior of an electrode becomes small, and the generating efficiency of a 
fuel cell rises. This oscillating means may be stuck to the oxidizer pole which is the wall of one side of the fuel 
electrode which is the wall of one side of fuel gas passage, or oxidizer fuel gas passage, and may be arranged, or 
may detach and arrange only a predetermined distance from a fuel electrode or an oxidizer pole. 
[0022] If it is in this invention according to claim 2, a piezoelectric device is formed on a diaphragm, and a 
diaphragm is arranged so that deformation of a piezoelectric device may be transmitted to a solid-electrolyte 
membrane through a diaphragm. Since a solid-electrolyte membrane is stuck with a fuel electrode and an 
oxidizer pole, it is united and the cell reaction layer is constituted, vibration generated with the diaphragm 
vibrates the whole cell reaction layer. Since a piezoelectric device deforms according to the driver voltage signal 
impressed from a drive circuit, a drive circuit generates a driver voltage signal with which a suitable vibration is 
obtained from a diaphragm, and it impresses it to a piezoelectric device. With this configuration, vibration 



generated with the diaphragm disperses the moisture of propagation and an oxidizer pole front face in the whole 
9ell reaction layer. When there are many amounts of generation of moisture, the oxidizer pole itself by which 
moisture is generated vibrates and a fuel cell disperses moisture In the operational status of high current density 
especially, high moisture removal capacity can be demonstrated. Moreover, since it can form in tabular thinly by 
using a piezoelectric device for the drive of an oscillating means» the increment in the volume of the fuel cell eel 
by establishing an oscillating means itself is hardly produced. Furthermore, since vibration can be given to a 
direct solid-electrolyte membrane through a diaphragm, the complicated device for transmitting vibration is 
unnecessary, and the increment in the number of components can be suppressed. 

[0023] If it is in this invention according to claim 3. a diaphragm contacts the electrode of the side near this in 
parallel, is arranged, and tells the vibration to an electrode and a solid-electrolyte membrane. Since the 
piezoelectric device is formed on the diaphragm, it serves as the configuration that the diaphragm and the 
piezoelectric device carried out the laminating, and have been arranged on an electrode. With this configuration, 
the variation rate produced in a piezoelectric device can be effectively told to an electrode, and a solid- 
electrolyte membrane and an electrode can be vibrated. Moreover, since a diaphragm and a piezoelectric device 
are arranged in a gas passageway, in order to secure the same gas passageway as the case where there are not 
a diaphragm and a piezoelectric device, it is necessary to make a gas passageway large but. and while stopping 
the extended width of face of a gas passageway to the minimum by carrying out the laminating of a diaphragm 
and the piezoelectric device on an electrode, the increment in the thickness of a fuel cell eel can be suppressed. 

[0024] If it is in this invention according to claim 4, a diaphragm and a piezoelectric device are separated from an 
electrode, it is arranged in a gas passageway, and a diaphragm ventilates to a fuel electrode or an oxidizer pole 
with the variation rate of a piezoelectric device. A diaphragm is arranged in the location at which a wind tends to 
arrive to a fuel electrode or an oxidizer pole. With this configuration, since it ventilates to an electrode with the 
diaphragm driven by the piezoelectric device, gas supply to an electrode surface can be performed, without 
stopping. Therefore, even if a fuel cell is the operational status of high current density, the increment in the 
concentration polarization resulting from the lack of gas in the interior of an electrode can be prevented. 
Moreover, in order that the ventilation to an oxidizer pole may promote scattering or the evaporation of moisture 
generated to the oxidizer pole, an oscillating means achieves not only the gas supply to an electrode but the 
function of moisture removal. Since an oscillating means can attain both the gas supply to an oxidizer pole, and 
moisture removal, the increment in the number of components can be suppressed. Furthermore, since C02 gas 
removal can be performed by ventilation to the fuel electrode by the oscillating means while supplying fuel gas 
when it is the direct methanol mold fuel cell which C02 generates as subgeneration gas in a fuel electrode side, 
the lack of fuel gas within a fuel electrode can be prevented. 

[0025] If it is in this invention according to claim 5, a piezoelectric device consists of PZT (titanic-acid lead 
zirconate) film. The PZT film is piezoelectric ceramic film, and since PZT which has a ferroelectricity is polarized 
in the direction of a laminating in the film, it produces a piezo-electric strain according to the electrical potential 
difference impressed. A diaphragm can be vibrated by this piezo-electric strain. This PZT film is producible with 
a comparatively low burning temperature with a sol gel process etc. Moreover, in the solid-state polyelectrolyte 
mold fuel cell which operates less than [ room temperature -100 degree C ], it is suitable [ PZT ] as an usable 
piezoelectric-device ingredient within the fuel cell eel in order to show a property satisfactory as a piezoelectric 
material in a -200 degree-C-200 degree C large temperature requirement. 

[0026] If it is in this invention according to claim 6, either [ at least ] a piezoelectric device or the diaphragms 
have the function to make either [ at least ] gas or the moisture penetrate. Therefore, the moisture which does 
not check the gas inflow to an electrode from a gas passageway, and is generated to an oxidizer pole side can 
pass the diaphragm and piezoelectric device, and can discharge them out of a system. Therefore, the interior of 
an electrode is maintained at the condition that it was always suitable for the cell reaction, and the generating 
efficiency of a fuel cell improves. 

[0027] If it is in this invention according to claim 7, since two or more through tubes are prepared in either [ at 
least ] a piezoelectric device or the diaphragms, either [ at least ] gas, moisture gas or the moisture can pass 
through the interior of a through tube freely. As an approach of preparing a through tube, the approach of 
forming a piezoelectric device on it. after piercing a metal plate with a press machine and processing it, the 
approach of piercing, after forming a piezoelectric device on a metal plate, etc. are mentioned, for example. Since 
the latter approach requires too much stress by punching to the piezoelectric ceramic film calcinated and 
formed, there is a possibility of damaging a piezoelectric device and a problem arises in the manufacture yield, 
the former approach is more desirable. Furthermore, after processing two or more parallel slits into a metal plate, 
the diaphragm and piezoelectric device which have a through tube are producible also by the method of 
producing a piezoelectric device on the so-called expanded metal which extended and formed many through 
tubes. 

[0028] If it is in this invention according to claim 8. since either [ at least ] a piezoelectric device or the 
diaphragms have the water-repellent coat on the front face, as for the diaphragm and piezoelectric device. 



moisture is hardly held. In this case, the generated moisture becomes easy to take the gestalt of the letter of 
(diffusion to the letter of coagulation, and can perform moisture removal easily. In addition, as for the water 
repellence said here, a reducing contact angle points out a thing 70 degrees or more. As such a water-repellent 
coat, fluororesin and silicone resin (for example, perfluoro butyl ethylene resin and its copolymer, 
trifluoroethylmethacrylate resin and its copolymer, fluoride kinky thread NIDEN resin, its copolymer, etc.) (for 
example, methyl hydrogen silicone resin and its copolymer, dimethyl silicone resin and its copolymer, 
phenylmethyl silicone resin, its copolymer, etc.) are mentioned as a typical thing. If it is in this invention 
according to claim 9 especially, since a water-repellent coat consists of silicone resin, coat formation is also 
comparatively easy, and it excels not only in water repellence but in weatherability, and the front face of a 
diaphragm and a piezoelectric device cannot deteriorate easily due to heat etc. Furthermore, if it is in this 
invention according to claim 10, by using the poly membrane which constructed the bridge in these resin as a 
water-repellent coat, thermal resistance improves, it is hard coming to generate degradation by light or heat, and 
reinforcement of a water-repellent coat can be attained. 
[0029] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained, referring to a 
drawing. 

[0030] (Operation gestalt 1) Drawin g 1 is the mimetic diagram showing the fundamental cellular structure of the 
polymer electrolyte fuel cell which is 1 operation gestalt of this invention. This fuel cell eel is constituted by the 
drive circuit 9 which drives the piezoelectric device 8 which fixed on the solid-state polyelectrolyte film 1 which 
is a film-like electrolyte, the cell reaction layer 19 constituted by the fuel electrode 2 stuck to the film surface 
of that solid-state polyelectrolyte film, and the oxidizer pole, the gas impermeable plate 4 with which each eel is 
divided, and the sheet metal-like diaphragm 7, and its piezoelectric device 8. 

[0031] A holddown member 18 fixes the edge to the case of a fuel cell eel, and a diaphragm 7 serves as the 
supporting point of vibration of the part of a diaphragm 7. Moreover, the holddown member 1 8 is installed in the 
cell reaction layer 19 side, without being fixed so that vibration of the cell reaction layer 19 may not be barred. 
Furthermore, the number of components and a production process can be reduced by really fabricating a 
holddown member 18 and a diaphragm 7: 

[0032] In this fuel cell eel, between the above-mentioned fuel electrode 2 and the gas impermeable plates 4 is 
made into the fuel gas passage 5, and between the above-mentioned oxidizer pole 3 and the gas impermeable 
plates 4 is made into the oxidizer gas passageway 6. 

[0033] The solid-state polyelectrolyte film 1 is cation exchange membrane which has a sulfone radical as an ion 
exchange group to a hydrogen ion. For example, the cation exchange membrane which consists of fluorine 
system macromolecule resin, such as perfluorocarbon-sulfonic-acid macromolecule resin, can be used. Since the 
electrochemical reaction in a fuel cell occurs by the interface of an electrode and an electrolyte, the 
electrochemical property of the polyelectrolyte film 1 has big effect on the current- voltage characteristic of a 
fuel cell. Since resistance of the direction of a laminating decreases by thin-film-izing especially, the current- 
voltage characteristic can be raised. In the case of the resin mentioned above, it produces so that thickness may 
be set to 50 micrometers - about 200 micrometers. Since ion conductivity is 5x10-2 to 1x10-1 (ohm-em) to 
about one at 25 degrees C, the resistance per unit area of the above-mentioned thickness is set to about 0.05- 
0.4ohms. 

[0034] As for the fuel electrode 2 and the oxidizer pole 3, two electrodes are using as the electrode substrate 
the graphite in which electrode reaction has the good vesicular structure of gaseous diffusion nature so that it 
may not become a gas diffusion limitation. A catalytic-reaction layer is formed in the reaction stratification plane 
side of each electrode, i.e., the field which touches the solid-state polyelectrolyte film 1, and, as for the 
catalytic-reaction layer in an electrode, 10 - 30wt% platinum is supported as a catalyst in graphite. Since it is 
necessary to fully secure the three-phase-circuit interface of an electrolyte / catalyst / reactant gas to 
electrode reaction, the catalytic-reaction layer of an electrode is stuck with the above-mentioned solid-state 
polyelectrolyte film 1, and is formed. For example, by inserting the solid-state polyelectrolyte film 1 with the 
electrode sheet, a fuel electrode 2 and the oxidation material pole 3, of two sheets, and carrying out a hotpress 
at 100-200 degrees C under about 40-400kg/cm2 pressurization, the solid-state polyelectrolyte film 1 is joined 
to an electrode sheet, and it unifies. 

[0035] The laminating of the piezoelectric device 8 is carried out on the metal plate with a high elastic modulus 
(diaphragm 7). As such a metal plate, a stainless plate with a thickness of 10-50 micrometers etc, can be used, 
for example. The diaphragm 7 which is a substrate substrate of a piezoelectric device 8 is arranged in contact 
with the oxidizer pole 3. and transmits the variation rate of a piezoelectric device 8 to the oxidizer pole 3 side. If 
the gas flow to the oxidizer pole 3 from the oxidizer gas passageway 6 or the moisture flow to the oxidizer gas 
passageway 6 from the oxidizer pole 3 is barred, since the cell reaction in an electrode will not advance smoothly 
by this diaphragm 7 and piezoelectric device 8, the through tube has been prepared in the above-mentioned 
diaphragm 7. This through tube is a circular hole with a diameter of 1 mm or more, and the punching metal by 
which the circular hole was pierced at intervals of 2-3mm can be used for it as a diaphragm 7. 



[0036] Moreover, a piezoelectric device 8 consists of PZT film with a thickness of about 10-50 micrometers, and 
after it applies the sol which hydrolyzed the alkoxide or acetate of titanium, a zirconium, and lead from the acid 
oh a substrate substrate with a spin coat or a DIP coat, it is obtained by calcinating at 300-600 degrees C. 
Then, an aluminum up electrode with a thickness of several micrometers is formed with the sputtering method or 
a vacuum deposition method on the PZT film. The above-mentioned diaphragm 7 functions also as a lower 
electrode of a piezoelectric device 8, and a piezoelectric device 8 vibrates by impressing the driver voltage signal 
from the drive circuit 9 between a diaphragm 7 and the aluminum up electrode of a piezoelectric device 8. 
[0037] With this operation gestalt, Nafion (the U.S. Du Pont make, trade name Nafioni 17) which is 
perfluorocarbon-sulfonic-acid giant-molecule resin is used as solid-state polyelectrolyte film 1 which constitutes 
a direct methanol fuel cell. 

[0038] Moreover, as for the fuel electrode 2 and the oxidizer pole 3. 3.6mg /of the platinum ruthenium alloy of 2 
and the platinum of 1.1 mg/cm2 are respectively supported as a catalyst cm in graphite. The electrode sheet of 
these two sheets was cut for the 50mmx50mm square, the Nafion solution (what dissolved Nafion resin in the 
mixed solvent of alcohol and water) was applied 5%, and it has Joined to the solid-state polyelectrolyte film 1 with 
the 100-degree C hotpress by lamination and the pressure of 200kg/cm2. 

[0039] Furthermore, a piezoelectric device 8 produces a circular hole with a diameter of 1 mm in thickness of 20 
micrometers on the stainless plate (10 micrometers in thickness) of the punching metal pierced at intervals of 
3mm. With this operation gestalt. after melting lead acetate to an acetic acid, zirconium tetra-butoxide and 
titanium tetraisopropoxide are dissolved further, water and a small amount of diethylene glycol are added, and 
PZT is obtained by stirring and hydrolyzing. then, the polyethylene glucohol monomethyl ether — PZT — 
receiving — 10wt(s)% — it adds, it stirs, and after applying the obtained sol with a DIP coat, it heats at 400 
degrees C and the PZT film is produced. Furthermore, the aluminum film with a thickness of 1 micrometer is 
produced by the sputtering method on the PZT film, and it considers as the up electrode of a piezoelectric 
device 8. 

[0040] The drive circuit 9 of the above-mentioned piezoelectric device 8 has the following configurations. Since 
it uses the oxidizer pole 3 as a positive electrode by using a fuel electrode 2 as a negative electrode and a fuel 
cell single eel outputs the electrical potential difference of 0.4-0.9V, it inputs this output voltage into the 
control-section power circuit 10. and supplies fixed supply voltage (Vcc=3.3V) to the wave output section 1 1 and 
the piezoelectric-device mechanical component 12 from this control-section power circuit 10. Similarly, the fuel 
cell output voltage between a fuel electrode 2 and the oxidizer pole 3 is inputted also into the power circuit 13 
for a drive, and this power circuit 13 for a drive supplies the electrical potential difference for a piezoelectric- 
device drive (****-20V) to the piezoelectric-device mechanical component 12. In the wave output section 11, 
the rectangle voltage waveform which drives a piezoelectric device is generated, and according to the inputted 
driver voltage wave, the piezoelectric-device mechanical component 12 impresses the electrical potential 
difference of peak value **** to a piezoelectric device 8, and drives a piezoelectric device 8. 
[0041] The detailed configuration of the above-mentioned wave output section 11 and the piezoelectric-device 
rnechanical component 1 2 is shown in drawing 2 . In the wave output section 1 1 , the driver voltage signal Vd for 
making the driver voltage signal Vc for charging a piezoelectric device 8 by IC14 for a drive and a piezoelectric 
device 8 discharge is generated, and it is respectively inputted into the transistors Tri and Tr3 in the 
piezoelectric-device mechanical component 12. In addition, Vn in drawing is the potential by the side of the 
negative electrode of a fuel cell, i.e., a fuel electrode. 

[0042] Next, actuation of the piezoelectric-device mechanical component 12 is explained. At the time of 
piezoelectric-device charge, when the driver voltage signal Vc becomes high-level (time-of-day t=t1). Tri turns 
on and, thereby, Tr2 is turned on. Thereby, the electrical potential difference **** supplied from the power 
circuit 13 for a drive is impressed to a piezoelectric device 8 through Tr2 and Reactor L, and a piezoelectric 
device 8 starts a variation rate (expanding) while charging. Then, if the driver voltage signal Vd becomes high- 
level (time-of-day t=t2), Tr3 turns on, the charge of a piezoelectric device 8 discharges through reactors L and 
Tr3, and the variation rate of a piezoelectric device 8 returns to an initial state. 

[0043] The electrical potential difference Vpiezo impressed to the above-mentioned driver voltage signals Vc 
and Vd and a piezoelectric device 8 at drawin g 3 is shown.' A piezoelectric device 8 can be vibrated by repeating 
such charge and discharge according to the driver voltage signal from IC14 for a drive. 

[0044] In the operational status of a fuel cell, the above-mentioned piezoelectric device 8 is always vibrating, 
and vibration of this piezoelectric device 8 is transmitted to the oxidizer pole 7 side by the diaphragm 7. By this 
vibration, the moisture of oxidizer pole 7 front face passes the through tube of a diaphragm 7 and a piezoelectric 
device 8, and disperses in the shape of a fog in the oxidizer gas-passageway 6 side. 

[0045] In this operation gestalt, although the diaphragm 7 and the piezoelectric device 8 have been arranged to 
the oxidizer pole 7 side, you may arrange to a fuel electrode 2 side. That is, since this diaphragm 7 vibrates the 
solid-state polyelectrolyte film 1 and the oxidizer pole 3 while vibrating a fuel electrode 2 even when the 
diaphragm 7 has been arranged in the fuel gas passage 5 so that a fuel electrode 2 may be touched, the moisture 
of oxidizer pole 3 front face can be dispersed by that vibration. Furthermore, gas supply to a fuel electrode 2 is 



nbt barred in the fuel gas passage 5 by preparing a through tube in a diaphragm 7 and a piezoelectric device 8. 
[0046] (Operation gestalt 2) Drawin g 4 is the mimetic diagram showing the cellular structure of the polymer 
electrolyte fuel cell of this operation gestalt. The difference with the operation gestalt 1 is a point in which the 
laminating mold piezoelectric device 15 was formed on the diaphragm 7. The laminating mold piezoelectric device 
15 carries out the five-layer laminating of the piezoelectric device which consists of 10 micrometers PZT film 
and 1 -micrometer aluminum electrodes 16 and 17. 

[0047] The aluminum electrodes 1 6 are a diaphragm 7 and this potential, and like the operation gestalt 1 . the 
driver voltage signal from the drive circuit 9 is impressed between a diaphragm 7 and the aluminum electrode 1 7, 
and they drive the laminating mold piezoelectric device 15. 

[0048] Since one 5 times the variation rate of this Is obtained in total by the laminating by using a laminating 
mold piezoelectric device with this operation gestalt compared with the case of a monolayer, it is good at 1/5 in 
case the amount of displacement of each piezoelectric-device layer is the operation gestalt 1. Since the 
variation rate of a piezoelectric device is proportional to the field strength impressed to a component and the 
electrical potential difference impressed to an aluminum electrode can be held down to about 1/5, low-battery- 
ization of the electrical potential difference **** for a piezoelectric-device drive which the above-mentioned 
power circuit 13 for a drive supplies can be attained. 

[0049] (Operation gestalt 3) Drawin g 5 is the mimetic diagram showing the cellular structure of the polymer 
electrolyte fuel cell of this operation gestalt. The difference with the operation gestalt 1 is a point of fixing the 
edge of the one side by the holddown member 18, and having made it not contact the oxidizer pole 3 using a 
diaphragm 7 and two piezoelectric devices 8. 

[0050] With this operation gestalt, since the diaphragm 7 and the piezoelectric device 8 are not in contact with 
the oxidizer pole 3, the conductivity of the oxidizer gas to the oxidizer pole 3 is improved compared with the 
operation gestalt 1 and the operation gestalt 2. Moreover, since the holddown member 18 is fixing one side, a 
diaphragm 7 and a piezoelectric device 8 can operate as a fan, and can perform ventilation to the oxidizer pole 3 
efficiently by the vibration. Therefore, two functions of scattering of the moisture of an electrode surface or 
promotion of evaporation can be demonstrated with the gas supply to an electrode. Furthermore, since the cell 
reaction layer which consists of solid-state polyelectrolyte film 1, a fuel electrode 2, and an oxidizer pole 3 is not 
vibrated, with this operation gestalt, a mechanical strength to the extent that it is required of a cell reaction 
layer in the operation gestalt 1 and the operation gestalt 2 becomes unnecessary, and that also of fear, such as 
a strain, degradation, etc. by vibration, is lost. 

[0051] In addition, in this operation gestalt, it is good also as a configuration which increased further this 
diaphragm 7 and the number of piezoelectric devices 8, and fixed each by the holddown member 18. Moreover, 
the number of components can be reduced more by really fabricating a diaphragm 7 and a holddown member 1 8. 
Furthermore, in order to raise the ventilation effectiveness by the actuation as a fan with this operation gestalt. 
it is good for a diaphragm 7 and a piezoelectric device 8 also as a configuration which does not prepare a 
through tube. 

[0052] (Operation gestalt 4) This operation gestalt explains the example in which the water-repellent coat was 
formed on one [ at least ] front face of a diaphragm and a piezoelectric device 8. The difference between the 
operation gestalt 1 - the operation gestalt 3 is a point of having given these the water-repellent coat by silicone 
resin, after producing a diaphragm 7 and a piezoelectric device 8 to one. 

[0053] thermal resistance of silicone resin is high and it is inactive chemically — etc. — although it has the 
description, with this operation gestalt, especially thermal resistance produces a water-repellent coat using a 
high (275 degrees 0 of impressing points) alcoholic silicone resin emulsion. First, addition mixing of the 
phenylmethyl silicone resin (whenever [ phenyHzed ] the Dow Corning Toray Silicone make, a trade name 
SH510, 25-mol%) is carried out, and a coating agent constituent is adjusted to the tetrahydrofuran solution (solid 
content 10wt%) of polycarbonate resin. After applying the obtained coating agent constituent to the plate which 
the diaphragm 7 and the piezoelectric device 8 unified, it is air-dry at a room temperature for 1 hour. Next, this 
is heated at 1 50 degrees 0 for 1 hour, and the silicone resin coat of 0.5 micrometers of thickness is obtained 
[0054] With this operation gestalt, according to the water-repellent effectiveness of a silicone resin coat, since 
the moisture on a diaphragm 7 and a piezoelectric device 8 tends to become water drop-like, the effectiveness 
of the moisture removal by vibration of a diaphragm 7 improves. Moreover, since thermal resistance of silicone 
resin is high, even if the temperature in the eel of a polymer electrolyte fuel cell rises to near 100 degree 0, 
degradation of a water-repellent coat hardly produces it. Furthermore, since the insulation of phenylmethyl 
silicone resin is also high and there is no fear of a short circuit of the electrode in a fuel cell eel, a diaphragm 7 
or an electrode, and a piezoelectric device 8. safety improves. 
[0055] 

[Effect of the Invention] As explained in full detail above, according to this invention, with the oscillating means 
constituted by the piezoelectric device, a diaphragm, etc., the electrode and solid-electrolyte membrane of a fuel 
cell are vibrated, and moisture removal of an electrode surface can be performed efficiently. Moreover, moisture 
can be efficiently removed from an electrode, without barring the gas supply to an electrode by preparing the 



through tube which can pass gas and moisture to a piezoelectric device or a diaphragm. Moreover, scattering or 
evaporation of the moisture of an electrode surface can be promoted with the gas supply to an electrode by 
operating a diaphragm like a fan and making breeze. Furthermore, moisture is efficiently removable from an 
electrode by preparing a water-repellent coat in a piezoelectric device or a diaphragm. According to this 
invention, the concentration polarization produced when the amounts of gaseous diffusion inside an electrode 
run short by moisture adhesion in an electrode surface can be suppressed, and the generating efficiency of a 
fuel cell can be raised. 



[Translation done.] 
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jpO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the mimetic diagram showing the cellular structure of the polymer electrolyte fuel cell of the 
operation gestalt 1. 

[ Drawin g 2] It is the circuit diagram showing the configuration of the drive circuit which drives the piezoelectric 
device of drawing 1 . 

[Drawing 3] It is the wave form chart showing the electrical potential difference of each part in the drive circuit 
of drawing 2 . 

[Drawing 4] It is the mimetic diagram showing the cellular structure of the polymer electrolyte fuel cell of the 
operation gestalt 2. 

[ Drawin g 5] It is the mimetic diagram showing the cellular structure of the polymer electrolyte fuel cell of the 
operation gestalt 3. 

[ Drawing 6 ] It is the mimetic diagram showing the cellular structure of the conventional polymer electrolyte fuel 
cell. 

[Description of Notations] 

1.101 Solid-state polyelectrolyte film 

2.102 Fuel electrode 

3.103 Oxidizer pole 

4.104 Gas impermeable substrate 

5.105 Fuel gas passage 

6.106 Oxidizer gas passageway 

7 Diaphragm 

8 Piezoelectric Device 

9 Drive Circuit 

1 0 Control-Section Power Circuit 

1 1 Wave Output Section 

12 Piezoelectric-Device Mechanical Component 

1 3 Power Circuit for Drive 

1 4 IC for Drive 

1 5 Laminating Mold Piezoelectric Device 

16 17 Aluminum electrode 

18 Holddown Member 

19 Cell Reaction Layer 
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